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The presence of subphases in spin-density wave (SDW) phase of (TMTSF)2PF6 below T* « 4 K 
has been suggested by several experiments but the nature of the new phase is still controversial. We 
have investigated the temperature dependence of the angular dependence of the magnetoresistance 
in the SDW phase which shows different features for temperatures above and below T* « 4 K. 
For T > 4 K the magnetoresistance can be understood in terms of the Landau quantization of the 
quasiparticle spectrum in a magnetic field, where the imperfect nesting plays the crucial role. We 
propose that below T* ~ 4 K the new unconventional SDW (USDW) appears modifying dramatically 
the quasiparticle spectrum. Unlike conventional SDW the order parameter of USDW depends on 
the quasiparticle momentum Ai(k) oc cos2fefc H . The present model describes many features of the 
angular dependence of magnetoresistance reasonably well. Therefore, we may conclude that the 
subphase in (TMTSF) 2 PF 6 below T* « 4 K is described as SDW plus USDW. 

PACS numbers: 72.15.Gd, 74.70.Kn, 71.70.Di 



I. INTRODUCTION 

The very anisotropic organic conductors (TMTSF) 2 X 
(where TMTSF is tetramethyltetraselenafulvalene and X 
= PFg, AsFg, CIO4 . . . stands for monovalent anion) or 
Bechgaard salts continue to attract much attention since 
the discovery of their superconductivity in 1979.EJ A va- 
riety of electronic ground states under pressure and/or 
magnetic field, (conventional) spin density wave (SDW), 
field induced spin density wave (FISDW) with quantum 
Hall effect and unconventional (most-Likely p— wave) su- 
perconductivity, are very intriguingrra 

(TMTSF) 2 PF 6 is metallic down to T SDW w 12 K, 
where the transition into the semiconducting SDW state 
occurs. It is known that SDW in (TMTSF) 2 PF 6 un- 
dergoes another transitini]|-..at T* ss Tsdw/3 (at 3.5- 
4 K at ambient pressure) .□Eft! The indication of the sub- 
phase transition was first seen by NMRp where Tf 1 di- 
verges and the spin susceptibility changes at T*. The 
transition at T* is preserved through the entire P — T 
phase diagram. Furthermore, a calorimetric transition 
at 3.5 K, with a large hysteretic phenomena in the tem- 
perature range 2.5-4 K (caused by the sample history), 
has been observed and interpreted as an indication of a 
glass transition.!] On the other hand, the low frequency 
dielectric relaxation of SDW in (TMTSJ) 2 PF 6 did not 
show the existence of the glass transition.0 Since then, the 
SDW state was widely investigated, but the nature of the 
possible subphases remains controversial. Our study of 



the angular dependence of the magnetoresistance (MR) 
for B||(a-b') plane has shown dramatically different fea- 
tures above and below T* ss 4 KBu However, taking into 
account our MR results for temperatures T > 2.2 K, the 
transition at T* appears to be unique to (TMTSF) 2 PF^- 
as it has not been identified for X = AsFg and.OO4.EiJ 
On the other hand, there are a few reportstil'Lj indi- 
cating similar transition in (TMTSF) 2 AsFg, though less 
pronounced than in (TMTSF) 2 PF 6 . Therefore, at this 
moment, we cannot exclude the presence of similar tran- 
sitions in other Bechgaard salts. 

Recently, we have studied the MR in (TMTSF) 2 PF 6 , 
with a magnetic field rotated within the a-c* plane, 
which behaves differently for T > 4 K and T < 4 K at 
ambient pressure.Ej For T > 4 K the magnetoresistance 
was described in terms of the quasiparticles scattered by 
the k dependent scattering rate (where k is the quasipar- 
ticle wave vector). In other words, we could understand 
the magnetotransport in terms of the standard Fermi liq- 
uid theory, i.e. by the quasiparticles with the, energy gap 
given in the model with imperfect nesting.E-3 In spite of 
the fact that for T < 4 K we had to introduce a rather 
artificial scattering rate r(^> = bk y ) the description. of the 
resistance along the b' axis was not satisfactory.Ej 

More recently, an unconventional density wave (USDW 
and UCWD) was proposed as a possible ground state 
of the electronic syste m s i n ii Or i ga nic conductors and 
heavy fermion systemsJl3llj't3t§ll3 Unlike the conven- 
tional SDW, the USDW is defined as the SDW where 
the order parameter A(k) depends on the quasi-particle 



momentum k. In spite of a clear thermodynamic sig- 
nal (as in the usual mean field- like transition), the first 
order term in A(k), corresponding to local charge or lo- 
cal spin, is invisible. Consequently, these states may be 
called the phase with hidden order parameter S3 UCWD 
has been identified very recently, from the-temperature 
dependence of the threshold electric field.c2l in the low 
temperature phase of a-(ET)2KHg(SCN)4.Ej Similarly, a 
mysterious micromagnetism seen in AF phase_of URu2Si2 
could also be interpreted in terms of USDWBj 

The aim of this work was to see if the presence of pos- 
sible subphases in the SDW below 4 K could be observed 
in the temperature dependence of the conductivity and 
MR as well as in the anisotropy of the MR. In this paper 
we compare the experimental MR data of (TMTSF) 2 PF 6 
in the SDW state, showing the pronounced differences for 
T > 4 K and T < 4 K, with our new theoretical results 
(preliminary results in Ref. ^3|). We propose that the 
anomaly at T* ta 4 K in (TMTSF) 2 PF 6 signals the ap- 
pearance of USDW. We point out that USDW requires 
more subtle balance between different interaction terms 
than conventional SDW,E3 and consequently it is perhaps 
not easily find in other Bechgaard salts. 



II. EXPERIMENT. 

The measurements were done down to 2 K in mag- 
netic fields up to 5 T and with different directions of the 
current (through the crystal) and different orientations 
of magnetic field. A rotating sample holder enabled the 
sample rotation around a chosen axis over a range of 
190°. The single crystals used come all from the same 
batch. Their a direction is the highest conductivity di- 
rection, the b' direction (with intermediate conductivity) 
is perpendicular to a in the a-b plane and c* direction 
(with the lowest conductivity) is perpendicular to the 
a-b (and a-b'). The room temperature conductivity val- 
ues for CT a , Ob, and a c are 500 (ficm) -1 , 20 (ficm) -1 , 
and 1/35 (17 cm) -1 respectively. 

The experimental MR data, that will be analyzed 
here, are for c* and b' axis and for different orienta- 
tions of magnetic field. The MR, defined as Ap/p — 
\p(B) — p(0)]/p(0), was measured in various four probe 
arrangements on samples cut from a long crystal. More- 
over, the measurements of c* axis MR, for two differ- 
ent magnetic field rotations, were performed on the same 
sample but which was cut to two parts. In the case of p\, 
(j||b') two pairs of the contacts were placed on the op- 
posite a-c* surfaces while for p c (j||c*) on the opposite 
a-b' surfaces. We used very slow cooling rates (about 2- 
5 K per hour) to avoid the appearance of the irreversible 
resistance jumps usually encountered for j||a measure- 
ments. This was especially important for j||b' geome- 
try, where additional care was requireeLto avoid possible 
mixture of ay, and a c conductivities .L3 This can be de- 
scribed by using the concept of the equivalent isotropic 
sample that gives a simple picture of the current distri- 
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FIG. 1: Three configurations (case A, B and C) of the current 
j and magnetic field B direction. (See text for a detailed 
explanation.) 



bution in the anisotropic sample.Ej The eligible test for 
properly measured b'-axis resistivity is— linear tempera- 
ture dependence at high temperatures Ha Namely, there 
is a non-monotonic temperature dependence of p c in 
(TMTSF)2PF6 at ambient pressure going through a well 
characterized maximum at 80 K in contrast to the results 
for p a (oc T 2 ) and pb (oc T) exhibiting a monotonous, 
metallic-like decrease upon lowering temperature. 

Figure ^ present three configurations that will be an- 
alyzed in this work: a) Fig. |l|A shows the case when the 
current direction is along the b' axis and the magnetic 
field is rotated in the a-c* (j||b', B|j(a-c*)) perpendic- 
ular to the current direction. 9 is the angle between B 
and the a axis, i.e. 9 = for B||a and 9 — 90° for B||c*. 

b) Fig. |l|B shows the case when the current direction is 
along the c* axis and the magnetic field is rotated in the 
b'-c* plane (j||c*, B||(b'-c*)). 9 is the angle between B 
and the b' axis, i.e. = for B||b' and 9 = 90° for B||c*. 

c) Fig. [j]C shows the case when the current direction is 
along the c* axis and the magnetic field is rotated in the 
a-b' plane (j||c*, B||(a-b')) perpendicular to the current 
direction. 9 is the angle between B and the b' axis, i.e. 
9 = for B||b' and 8 = 90° for B||a. 



III. MODEL, RESULTS AND DISCUSSION. 
A. Quasiparticle spectrum above T* ~ 4 K. 

We limit ourselves to the c* axis magnetoresistance, 
i.e. to the case B when the current j direction is along 
the c* axis, the magnetic field is rotated in the b'-c* 
plane with 9 = Z(b', B). We leave a detailed analysis for 
another current directions and magnetic field orientations 
above 4 K for a future publication. 

The Landau quantization of the quasiparticle spectrum 
appears to describe very well the observed results. In 
the limit of perfect nesting all the electron orbits are 
open and there will be no Landau quantization. On_thc 
other hand, in the presence of the imperfect nestingEfl as 
in (TMTSF) 2 PF 6 the quasiparticle energy landscape de- 
velops local minima at k z = ikp, k y = ±ir/2b. In other 
words, closed orbits appear and they will be quantized in 
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the presence of a magnetic field. .— . 
For T > 4 K the quasiparticle energy is given by:Ej 



A-e 



2A 



£o cos 2bk y 
2e b 2 k 2 v 



(1) 



where rj = [v 2 (k x — k F ) 2 + v 2 kl] 1 2 is the quasiparticle 
energy in the normal state (v a and v c are Fermi veloc- 
ities in a and c* direction, respectively), A (ss 34 K) 
is the order parameter for conventional SDW and Eq 
(w 13 K) is the parameter characterizing the imperfect 
nesting effect. Ej The quasiparticle energy is expanded for 
small (k x — kp) 2 and k 2 . In a presence of a magnetic field 
within the b'-c* plane, with 8 being the angle between 
the magnetic field B and the b' axis, the minimum en- 
ergy (i.e. the energy gap) in Eq. (Q) is given by: 



E(B, 8) re A - e + x j ^ v a beB\J sin 2 9 + 72 cos 2 9 , 

(2) 

with 72 = (l/eoA)(u c /26) 2 . For B — the resistance is 
given as p Z z(T, 0) oc exp[/3i?(0, 9)], whereas for B ^ we 
have: 



(T, B) oc B\J sin 2 + l2 cos 2 e 0E{B '' 



(3) 



First, we note that the energy gap is given in the both 
limits (5 = and B ^ 0) by Eq. (§). Second, for 
w c r > 1, where lu c is the cyclotron frequency and r is 
the scattering rate, p zz (T,B) contains a B linear coeffi- 
cient. So, we may interpolate these expressions as: 



Pzz(B, T) » e 



/5(A-e n )(l+^2S-y/sin 2 6»+ 72 cos 2 e) 



x 1 + C 2 B J sin ^ + 72 cos 2 



(4) 



with A 2 = (e /A) 1 / 2 v a 6e/(A - e ). 

We shall compare now our experimental data with the 
above equations. The magnetic field dependence of MR 
for j|Jc*, B||b' and B||c* at 4.2 K is presented in Fig. |. 
Fig. ^ shows the angular dependence of MR for j||c*, 
B = 5 T at 4.2 K and 2.2 K. 9 is the angle between B and 
the b' axis (see Fig. [ij case B). Solid line is the fit based 
on the Eq. (0). The change in the angular dependence 
of MR for T > 4 K and T < 4 K is clearly seen (the 
case for T = 2.2 K will be treated in Section |III B| ) . It 
is evident that the present model describes rather well 
the data, with both the field and angular dependence of 
MR, at T = 4.2 K and B = 5 T giving (A - e ) = 21 K, 
A 2 = 0.014 T-\ C 2 = 0.38 T" 1 and 72 = 0.85. These 
values enable us to extract the a axis coherence length 
£ a = v a /A = 1.2 x 10~ 6 cm and v c /v a = 7.33 x 10~ 2 (we 



used here flux quantum ir/e = $o = 2.07 x 10~ n Tern 2 ). 
Both £ a and v c /v a thus deduced are consistent with the 
ones deduced from the anisotropy in the resistivity.H 



r=4.2K,j||c 
Bllb' and c* 




FIG. 2: Magnetic field dependence of Ap/po at 4.2 K for 
j||c*, B||b' and B||c*. Solid lines are fits to the theory (see 
text). 
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FIG. 3: Angular dependence of Ap/po at 2.2 K and 4.2 K, 
B — 5 T, for j||c*, B in b'-c* plane. Solid lines are fits to the 
theory (see text). 



B. Quasiparticle spectrum below T* ~ 4 K, 

We start by proposing that the anomaly at T* ps 4 K 
in (TMTSF) 2 PF 6 signals the appearance of USDW with 
the momentum dependent order parameter Ai(k) = 
Ai cos 2(j), where <p = bk 2 with wave vector Q = 
(2kp, 7r/26, 0). In other words, below T* two order pa- 
rameters (SDW and USDW) coexist. In this case the 
quasiparticle spectrum changes from Eq. ([j]) to: 
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vV + A 2 - £ cos2bk y ) + A 2 cos 2 20 



(5) 



V + A 2 ) A2 A ' 2 + (A 2 + e 2 ) (cos 2 20 - cos 2 20 o ) 2 



A 2 + i%(k x - fcf) 2 + 5 2 fc 2 + 4(A 2 + e 2 )& 2 /c 2 , 



(6) 



where A 2 = AAi(A 2 + 
and v c = v c Ai(Aj+el) 
stant shift in k y and fc 2 



l > 2 . We have not included a con- 
, since they are of no importance 



when one considers the effect of the magnetic field. In the 
absence of the magnetic field, the effect of Ai (or USDW) 
is to change the minimum energy gap from E m i n — A — Eq 
(T > 4 K) to E mia = A (T < 4 K). As we shall see later, 
the introduction of the magnetic field changes dramat- 
ically the minimum energy gap -Emin. Such a dramatic 
shift in E m [ n in USDW and UCDW in a magnetic field 
has already been discussed in Ref. |2^ and |f6|. 

We shall see in the following that the field and the angle 
dependent quasiparticle spectrum describes the angle de- 
pendent MR observed in (TMTSF) 2 PF 6 below T* ps 4 K 
rather satisfactory. The quasiparticle energy gap in the 
absence of magnetic field is given by Eqs. (|J) and <^). 
Due to the quadratic form in k in the square root, we ex- 
pect the Landau quantization in the presence of magnetic 
field. Let us consider three cases (Fig. nl) separately. 



1. Case A:i\\h', B||(a-c*), 9 = Z(a,B) 
We can recast Eq. (H) as an eigenvalue problem: 



E 2 {B,6)il> 



A 2 + v^(eBy cos BY + v*{eBy sin( 
d 2 " 



-(2b) 2 (A 2 +e 2 ) 



dy 2 



(7) 



where tp is the electron wave function. This gives readily 
for the quasiparticle energy corresponding to the n— th 
Landau level: 

El{B, 9) = A 2 + 25 a AieB(sin 2 + 71 cos 2 9) 1/2 {2n + I) , 

(8) 

(n = 0, 1, 2 ... ). From this we obtain the minimum en- 
ergy gap E min : 



E min (B,e) = AJl + A 1 \B\(sm 2 9 + ^ cos 2 9)^ , (9) 



2v a A 1 / v c 

A\ = ~ be , 71 = — 
A 2 V v 



10" 




B(T) 

FIG. 4: Magnetic field dependence of Ap/po at 2.2 K for 
j||b' and B||c*. Inset: R vs. inverse temperature for B — 0, 
2 T, and 5 T. Solid lines are fits to the theory (see text). 



In this configuration 71 is clearly negligible. By approx- 
imating the cyclotron frequency as: 

E 1 (B,0)-E O (B,6) = 



= A (yi + 3Ai|.Bsin(9| - y/\ + A x \B sin 9\ 

ps AAi\Bsin9\ , (10) 
and noting the fact that in the presence of magnetic field 

\B sm9\ exp 



-PAy/l + A 1 \Bsint 



'vv 



1 + C (Bsm6) 
we finally obtain the interpolation formula: 

p yy ps exp (fiAy/i + A X \B sin 9 
x (l + Ci^ilBsinei) , 



(11) 



where C\ = (A/r) 2 and T is the quasiparticle relaxation 
rate (note that T is k-independent). 

The comparison of Eq. ( |j"T| ) (with 9 = ir/2) with the 
experimental data is given in Figs. [| and ^. Fig. [| shows 
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FIG. 5: Angular dependence of Ap/po at 2.2 K and 4.2 K, 
6 = 5 T, for j||b', B in a-c* plane. Solid line is fit to the 
theory (see text). 



the results of the magnetic field dependence of the MR 
at 2.2 K for j||b' and B||c*. The inset shows the tem- 
perature dependence of the MR for B = 5 T in the same 
geometry. The solid lines show the fit to the theoret- 
ical model explained above. Fig. |^ shows the angular 
dependence of MR for j||b' and B = 5 T at 2.2 K (see 
Fig. |l], case A). Dashed line shows the results at 4.2 K. 
Solid line is fit based on Eq. (|xT]) . Further, the 1/T de- 
pendent magnetoresistance is compared in the inset of 
Fig. |4|. By fitting the data we can deduce A = 20 K, 
At = 0.027 T" 1 which gives A 1 /A = 0.568 (where we 
took b — 0.77 nm and £ a = v a /A = 120 A). We obtain 
the USDW order parameter Ai ss 20 K. These numbers 
look rather reasonable. So, in this geometry, the present 
model describes the experimental data reported in Ref. 
O rather well. 




2 3 4 5 

10/T(1/K) 

FIG. 6: Temperature dependence of the resistance R for 
j||c*, B — and B — 5 T (for two different magnetic field 
orientations B lib' and Bile*). 
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2. Case B:j\\c*, B||(b'-c*), 9 = Z(b',B) 

In this configuration the eigenequation is rewritten as: 

d 2 



E 2 (B.9)iJj = A 2 -vl^r + v 2 (eBx cos 9^ 2 
ay 2 

- (2b) 2 (A 2 + s 2 )(eBx sin d) 2 



i> , (12) 



which is solved as: 

E 2 (B, 8) = A 2 + 2S a AieS(sin 2 6 + 72 cos 2 6>) 1/2 (2n + 1) , 

(13) 

(n = 0,1,2...). Therefore, the minimum energy gap 



E min (B, 6) = AJl + A 2 |S|(sin 2 9 + 72 cos 2 0)Va 



(14) 



FIG. 7: Magnetic field dependence of Ap/po at 2.2 K for 
j||c* and B||c*. Solid line is fit to the theory (see text). 



2^Ai 
A2 = — — — be , 72 



A 2 " (26) 2 (A 2 + e 2 )' 

The magnetoresistance along the c* axis is given by: 

p zz « exp 



pA\fl + A 2 \B\ (sin 2 9 + 72 cos 2 0W* 



x ( l + C 2 A 2 |BK/sin 2 6l + 7 2 cos 2 i 



(15) 



Figure || shows the temperature dependence of the re- 
sistance for j||c* (B = 0, B = 5 T) and for two dif- 
ferent magnetic field orientations B||b' and B||c*. The 
difference in R vs. 10/T behaviour below w 4 K for two 
magnetic field orientations is clearly observed. The mag- 
netic field dependence of magnetoresistance for j||c* and 
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B||c* at 2.2 K is presented in Fig. 0. As mentioned be- 
fore, Fig. H shows also the angular dependence of mag- 
netoresistance for j||c*, B = 5 T at 2.2 K (see Fig. [j], 
case B). Solid line (on both Fig. || and Fig. (7J) is fit 
based on the Eq. (jig). The present expression is com- 
parable with both the B dependence of magnetoresis- 
tance for 9 = tt/2 and the 9 dependent magnetoresis- 
tance at T = 2.2 K and B = 5 T. Again, the present 
model describes the data rather well. In the present 
comparison we deduce A 2 = 0.00134 T" 1 = Ax/20.2, 
C 2 = 0.5192 T" 1 = Ci/20.2, and 72 = 0.060 which gives 
A = 20 K and v c /v a — 0.02. On the other hand, we 
obtain A x /A = 0.0284 that gives Ai w IK. This implies 
the USDW order parameter in the present configuration 
is reduced by a factor of 1/20 compared with the one in 
the first configuration. This result is rather unexpected, 
but we hope the future work will clarify this problem. 
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FIG. 8: Magnetic field dependence of Ap/po at 2.2 K for 
j||c* and B||a. Solid line is fit to the theory (see text). 



3. Case C: j||c*, B||(a-b'), 9 = /(b',B) 



In this configuration the eigenequation is rewritten as: 



E 2 (B,9)^ = 



d 2 

A 2 - v\ — + v 2 a (eBz sin t 



(2b) z (A( +eo)(eBzcost 



V>, (16) 



which gives 

E%(B, 9) = A 2 + 2v c v a eB{sin 2 9 + 73 cos 2 9) 1/2 (2n + 1) , 

(17) 

(n = 0, 1, 2 ... ). For the minimum energy gap -E m i n we 
obtain: 



E miu (B, 6) = AJl + A 3 \B\(sm 2 9 + 73 cos 2 0)V* 




(18) 



-90° -60° -30° 0° 30° 60° 90° 

en 

FIG. 9: Angular dependence of Ap/p at 2.2 K and 4.2 K, 
B — 5 T, for j||c*, B in a-b' plane. Solid line is fit to the 
theory (see text). 



v a v c e (26) 2 (A 2 +e 2 ) 
A 2 vi 

It follows that the magnetoresistance along the c* is given 
by: 



p zz w exp 



(3AJ1 + Aal^Ksin 2 9 + 73 cos 2 9) 1 / 2 



x 1 + C 3 A a \B\ y sin 2 9 + 73 cos : 



(19) 



Figure || presents the magnetic field dependence of MR 
for j||c* and B||a at 2.2 K, while Fig. || shows the angu- 
lar dependence of magnetoresistance for j||c*, B = 5 T 
at 2.2 K (see Fig. 0, case C). We point out that there 
is a maxima in MR for B||a at 2.2 K, while there is a 
minima m MR for B||a at 4.2 K (dashed line Fig. |). 
This kind of behaviour cannot be described in terms of 



conventional SDW where the imperfect nesting plays the 
crucial role. Namely, in that case we expect maxima in 
MR for B||b'. This big change in MR anisotropy may 
be described within our new theoretical model. We shall 
compare now our experimental data at 2.2 K with the 
Eq. (^9|). The solid line is fit based on the theory that 
describes the data on Fig. ^ and Fig. |^ at 2.2 K very well. 
We deduce A 3 = 0.0165 T"\ C 3 ~ 0, and 73 = 0.154. 
From A 3 we obtain: 



VgVc 

A 2 



£ a £ c = 1.087 x 10~ 13 cm 2 



and assuming £c/£a = 1/13.6 wej-,obtain £ a = 1.2 x 
10~ 6 cm which is quite reasonable] 2 ! On the other hand 
73 = 0.154 gives Ax/A = 1.75 that is too large, at least 
by a factor of 2, giving Ai w 60 K. 
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IV. CONCLUDING REMARKS 

We have proposed that the phase transition at T* w 
4 K in (TMTSF) 2 PF 6 is due to the appearance of the 
USDW in addition to the already existing SDW. As we 
have shown, the quasiparticle spectrum in SDW with im- 
perfect nesting and/or USDW in a magnetic field is, due 
to the Landau quantization, very different from the one 
for B = 0. The appearance of USDW order parame- 
ter modifies the quasiparticle spectrum. This change is 
readily accessible to both the magnetoresistance and the 
angular dependence of the magnetoresistance. Indeed, 
USDW describes the dramatic change in the magnetore- 
sistance below T* « 4 K. Furthermore, from the angular 
dependence of the magnetoresistance we can deduce the 
parameters A = 20 K, v a /A = £ a = 1.2 x 10~ 6 cm, and 
v c /v a = 7.33 x 10~ 2 , which are consistent with the previ- 
ously known values. However, the new order parameter 
Ai, associated with USDW, appears to behave somewhat 



unexpectedly (as the deduced values give Ai = 20 K, 1 K, 
and 60 K for B in the a-c* plane, in the b'-c* plane and 
in the a-b' plane, respectively). The reason for differ- 
ences of Ai is unclear at present. We note, however, that 
in contrast to our earlier analysis ,113 here we have taken 
into account the Landau quantization of the quasiparti- 
cle spectrum, but we have considered the k-independence 
of the scattering rate. We can only suppose, that in ad- 
dition to the Landau quantization the inclusion of the 
k-dependent T would solve this Ai discrepancy. 
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